Several factors associated with senescence of the rind of the Navel orange fruit and their response to GA were studied from the time of color change, green to orange, until the fruit passed the point of any commercial value. This period is typified by a doubling in the concentration of sugar, a decrease in glucose respiration, and increase in the ratio of K/Ca+Mg . No seasonal trend could be assigned to Oz uptake, protein N, total N, or P, Zn, Cu, B, or Na. GA treatment at the time of color change did not seem to affect these factors until the rind approached senescence. At this point, GA effects were observable in the form of higher rates of Oz uptake, higher rate of glucose respiration, a lag in sugar accumulation, a lower K/Ca+Mg ratio, and a higher level of P. These results were interpreted as indicating that GA maintained a more functional mitochondrial membrane and plasmalemma membrane.
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(Received December 6, 1966) Several factors associated with senescence of the rind of the Navel orange fruit and their response to GA were studied from the time of color change, green to orange, until the fruit passed the point of any commercial value. This period is typified by a doubling in the concentration of sugar, a decrease in glucose respiration, and increase in the ratio of K/Ca+Mg . No seasonal trend could be assigned to Oz uptake, protein N, total N, or P, Zn, Cu, B, or Na. GA treatment at the time of color change did not seem to affect these factors until the rind approached senescence. At this point, GA effects were observable in the form of higher rates of Oz uptake, higher rate of glucose respiration, a lag in sugar accumulation, a lower K/Ca+Mg ratio, and a higher level of P. These results were interpreted as indicating that GA maintained a more functional mitochondrial membrane and plasmalemma membrane.
The imminence of senescence in many plant organs is marked by the loss of green color and appearance of anthocyanins or carotenoids. This change is sufficiently dependable so that comparative measures of chlorophyll content are often used to plot the approach of senescence. The fruit of Citrus sinensis, cultivar, Navel orange approach senescence with the typical decrease in chlorophyll content, synthesis and accumulation of carotenoids, as well as softening and general weakening of the rind. Gibberellin A3 (GA), which has often been associated with the hastening of senescence (1, 2), appears to delay senescence in the rind of the Navel orange. GA-treated fruit exhibit a delayed chlorophyll loss (3) , slower carotenoid accumulation (4), delayed softening of the rind, and diminished accumulation of rind exudate (5) . (This latter condition should not be confused with the exudate resulting from an aphid infestation.)
To gain a better understanding of the changes accompanying senescence in the Navel orange rind and the probable manner in which GA acts in delay- 
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ing this process, a series of experiments were conducted on some of the biochemical processes active in this tissue.
MATERIALS AND METHODS
All the fruit used in this sudy were Navel oranges grown on large trees in Riverside. Pairs of fruit were selected, while still green, for uniformity of color and size, proximate spacing, and common light exposure. GA was applied to one fruit in each pair by dipping it for 30 sec in 500 ppm acid equivalent potassium gibberellate containing 0.013% (v/v) X-77 wetting agent.
These experiments were performed over a period of 2 years. The nutrient element analyses and sugar determinations were from the 1963 season; fruit was treated on October 16, 1962. Data on respiration, glucose metabolism, all N analyses, and alcohol insoluble solids were obtained during the 1964 season; fruit was treated on November 12, 1963 .
Total and reducing sugars were determined by the NELSON arseno molybdate colorimetric method (6, 7) .
Oxygen uptake and glucose-U-14 C studies were conducted simultaneously. Four plugs, 8.5 mm in diameter, were removed from the rind at equally spaced intervals around the equator of the fruit. These plugs were incubated in about 2.5 ml of water containing about 0.20 microcuries of glucose-U- 14 C. The center well contained 0.2 ml of 20% KOH. The total volume of solutions was adjusted to make the added volume constant and standard manometric readings were taken hourly for 3 hours following an 1-hour initial equilibration (8) .
Utilization of glucose-U- 14 C was based on the 14 COz absorbed by the KOH during the 4-hour incubation. The KOH was washed into a counting vial, 20 ml of cab-0-sil (9) added, and the mixture shaken to form a thixotropic gel which acts as a fiuorophore for liquid scintillation counting. Values are expressed as percent of the labeled glucose absorbed by the tissue.
Nutrient analysis was performed by the chemical and flame photometry methods described by LABANAUSKAS (10) . Total nitrogen on the alcohol insoluble fraction was considered to be protein nitrogen.
RESULTS
The fruit used in this experiment showed the typical color (3, 4) penetration and rind quality (5) , responses previously reported. Control fruit lost their chlorophyll by late November, but the treated fruit retained it until early January. Carotenoids reached a higher level in control fruit. By midMarch, the rind of control fruit appeared 90 days older than the rind of GAtreated fruit as measured by the resistance to puncture (5) . The rind of control fruit developed a sticky exudate in mid-March, but treated fruit did not.
Abscission of treated fruit was also delayed. About 17 months after anthesis, there were less than 10% as many control fruit as treated fruit still on the trees. This crop is usually harvested about 10 months after anthesis in the Riverside area.
Carbohydrates and alcohol insoluble solids
The concentration of reducing and total sugars in the albedo of control fruit incr:eased steadily from October 30, to a high, on July 2 of 32% reducing sugar and about 44% total sugar (Fig. 1 ). Fruit treated with GA showed an increase similar to the control fruit in both reducing and total sugar until March 4. After this date the concentration of both types of sugar in treated fruit lagged behind control fruit throughout the balance of the experiment.
The alcohol insoluble solids (Table I) in the flavedo portion of the rind decreased as the rind aged, as previously shown for Valencias (11) . This change had a negative correlation coefficient with time of 0.73, which is significant at the 1% level. Although the level of alcohol insoluble solids in the albedo tended to decrease slightly with age, the drop was more variable. Treatments with GA did not alter the alcohol insoluble solids in either the albedo or the flavedo.
Respiration
The rate of respiration of the entire rind as measured by Oz uptake of "'400 C;
.5. Vol. 8 (1967) • GA values significantly different from respective controls have one asterisk {*) and at 1%, two asterisks {**). at 5% level explanted plugs showed no consistent trend associated with the aging of the tissue (Table II) . Respiration values for the season averaged 94 ,ul Oz per hour per gram of fresh tissue. Up to January 14, control and treated fruit respired at similar rates. Data taken on January 30 and February 17 showed an apparent difference between control and GA-treated systems, and statistically significant differences were present for the remainder of the experiment. The rate of respiration in treated tissue was somewhat higher and thus accounted for the lower concentration of total sugars in this tissue.
Metabolism of the uniformly labeled 14 C glucose, as measured by amount of C 14 0z produced, tended to decrease as the fruit aged (Table II) . Produc-GIBBERELLIN DELAYED SENESCENCE 155 tion of 14 C02 tended to be higher for treated tissue throughout the season; however, the difference was significant only in February, March, and April.
The uptake of glucose in these experiments varied from 36 to 54% of that available in the incubation mixture, and averaged 46% for the season. No correlation could be made between natural or gibberellin-delayed aging and glucose uptake.
Nitrogen
In the flavedo tissue, the percentage of total nitrogen (Table III) on a dry weight basis decreased from 1.71% in mid-November to a low of 1.09% on April 1 and then increased during April, May, and June to a high of 1.85%. This surge in total nitrogen seemed to be due largely to an increase in free amino acids as measured by the increase in soluble N from 0.35 to 0.90%. These increases in the N fraction can probably be explained by the corresponding spring growth flush with its increased root and shoot growth and fruit set. Flavedo protein N showed no consistent change with the aging of the fruit. GA did not seem to have any effect on flavedo N fractions.
The albedo tissue (Table IV) contained about 50% as much nitrogen as the flavedo. A slight tendency was noted for total nitrogen in the albedo to follow the same pattern with aging as the flavedo; however, this trend was less clear in the albedo. Fruit treated with GA maintained a slightly higher level of protein N during the latter part of the season. Although this difference is small, the analyses from two seasons showed a higher level of protein N in the albedo of GA-treated fruit late in the season.
Nutrient elements
The concentration of Ca, Mg, and K (Table V) in the rind albedo showed • GA values significantly different from respective controls at 5% level have one asterisk (*) and at 1%, two asterisks (**).
definite changes as the control tissue aged. The change in Ca was the sharpest, decreasing from 0.078% in October to 0.038% in July. Mg decreased from 0.056 to 0.036% for the same period, and K increased from 0.232 to 0.386%. No seasonal changes were detectable for P, Zn, Cu, B, or Na in control tissue. The ratio of K/Ca+Mg (Fig. 2) increased in control fruit from 1.73 in October to 5.22 in July. Concentrations of P, Ca, and Mg were significantly higher and K significantly lower in the albedo of GA-treated fruit for the last 5 harvest dates. For this same period the K/Ca+Mg ratio was significantly lower in the treated fruit.
The concentrations of Na (0.012%) , B (20.6 ppm), Zn (11.5 ppm), and Cu (4.5 ppm) did not change throughout the season and were not affected by the GA treatment.
DISCUSSION

Natural senescence
In addition to the pigment changes known to accompany aging in the Navel orange rind, there are striking changes in carbohydrate and cation composition, some changes in carbohydrate metabolism, and the N fraction varies throughout the season.
One of the greatest changes was the increase in the sugar concentration of the albedo portion of the rind from 23.3 to 43.9% on a dry weight basis. This increase in sugar was probably due to a decrease in the rate of sugar respired as shown by the reduced 14 COz produced by tissue incubated in glucose-U-14 C. Since there was no detectable decrease in 02 uptake associated with the decrease in rate of sugar respired, it must be assumed that other substrates, such as cell wall material or rind oils, are utilized in respiration at an increasing rate as the rind senesces.
The cell wall fraction, as measured by alcohol insoluble solids (AIS) did not show a sharp change with aging in the albedo portion of the rind. In the flavedo or colored section of the rind, the percent AIS on a dry weight basis decreased as the rind aged. It was not possible to tell whether this was due to an actual decrease in the level of polymeric material or a relative increase in the percentage of alcohol-soluble constituents making up a gram of dry tissue.
Changes in cation concentration that accompany aging were also striking. The concentration of K increased about 50%, that of Ca decreased about 50%, and the concentration of Mg decreased about 30%. The net result of these changes was a steady increase of the ratio of monovalent to divalent cation with aging.
Although an increase in the activity of several enzymes, as well as increased protein metabolism, has been reported for mature and senescent tissue [as summarized by VARNER (12) ], the tissue used in this study did not react in the same manner. Enzymatic activity as measured by oxygen uptake showed no consistent changes with aging. Metabolism of glucose-U-14C decreased with age, and the levels of protein N showed no correlation with seasonal development. The concentration of soluble N in the flavedo portion was the only N fraction which seemed to change with age, and it seemed to be more a function of general tree activity than of the age of the fruit.
GA effects on natural senescence
The delay of sencence in GA-treated fruit, as measured by rind color and penetrability, was also expressed by several other biochemical changes shown to accompany aging in the rind.
GA-treated fruit accumulated total and reducing sugars just as control fruit did up to March 4; from then on, the concentrations of these sugars in the treated fruit lagged behind those of the controls. The sugar accumulation in the rind must be dependent on a balance between the amount transported in and the amount that respired. The available data do not allow any authoritative comments on transport, but it seems unlikely that GA could retard senescence by restricting transport. The drop in the rate of sugar accumulation in GA-treated fruit can best be explained by the coincident increase in rate of respiration based on oxygen uptake. Not only was net respiration greater in GA-treated fruit, but the rate of glucose utilization was also greater in treated than in control fruit. Therefore, the evidence seems good that a more rapid metabolism and hence a slower accumulation of sugar occurs in GA-treated fruit late in the season.
The organelle most logically associated with the respiratory changes is the mitochondrion. If mitochondria are destroyed or become less effective with age, it logically follows that sugar metabolism would be affected. The respiratory and sugar accumulation data indicate that such a phenomenon could occur and the data on cation changes strengthen the possibility. HANSON (13) suggested that RNA associated with the various membranes, including that of mitochondria, is essential for respiration, ion accumulation, and solute retention. He added that Ca and Mg may protect RNA degradation. Therefore, the in vivo function of mitochondria could be governed by K/Ca+Mg ratios. In early March, the ratio of monovalent to divalent cations in control fruit began to increase and continued upward until mid-May. At the end of the experiment the ratio in control tissue was 5.22 and in GA tissue, 3.97. If HANSON's hypothesis is applicable here, loss of membrane quality in the mitochondria might be the reason for the respiratory decrease. Conversely, the much lower ratio of K to Ca+Mg in the treated fruit suggests better membrane quality and, therefore, more active mitochondria in the treated, than in the more senescent control fruit. This cation ratio may also be important for other membranes and h,' iay explain the earlier appearance of a sticky exudate on the exterior of the rind of control fruit than of GA fruit. The higher level of P in the treated fruit might also be implicated in the mechanism responsible for maintaining an active respiratory system. At least, higher P in the less senescent fruit is consistent with what one would except.
It is noteworthy that so many of these differences between GA and control fruit become evident sometime around March. This was true for the differences in carbohydrates, respiration, phosphorus, and ratio of K to Ca+Mg. March also signals the end of carotenoid accumulation (4), the beginning of the accumulation of the rind exudate, and the stage after which GA treatment will no longer stimulate an increase in rind firmness (5) . Even though the orange does not exhibit a respiratory climacteric (14) , its respiration does seem to be affected by senescence. The equivalent of a physiological climacteric does appear to occur under California conditions in March or about 11 months after anthesis.
